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INTRODUCTION 


The  programme  of  this  Directorate,  Materials  and  Explosives  Research 
and  Development,  embraces  the  following  establishments.  In  the  Materials 
fields  a  Materials  Advisory  Service  (London  Headquarters),  Materials 
Laboratory  Waltham  Abbey,  Textiles  Laboratory  Farnborough,  and  the  Tropical 
Testing  Establishment,  Nigeria.  In  the  Explosives  field:  the  Explosives 
Research  and  Development  Establishment,  Waltham  Abbey. 

Perhaps  the  most  significant  happenings  of  the  past  six  months  have 
concerned  visits  abroad  or  visitors  to  this  country. 


Under  "Subjects  of  Special  Interest"  an  instance  is  recounted  of  Anglo- 
American  co-operation  of  an  unusual  kind.  Following  an  exploratory  visit  to 
U.K.  last  Spring  by  Mr.  Bruce  Anderson  of  the  Office  of  the  Chief  of  Ordnance, 
Washington,  U.S.A.  and  technical  representatives  of  their  agents,  American 
Cyanamid  Company,  arrangements  were  made  whereby  a  small  team  of  the  firm' s 
chemical  engineers  spent  several  weeks  at  Waltham  Abbey  running  the  picrite 
pilot  plants  on  continuous  shift  in  collaboration  with  E.R.D.E.  staff.  The 
point  of  the  exercise  was  to  examine  the  efficiency  of  certain  stages  of  the 
manufacturing  process  when  operating  on  North  American  raw  materials.  (The 
stages  concerned  had  been  developed  by  E.R.D.E.  over  the  past  few  years  and 
actually  form  the  basis  of  planned  new  picrite  capacity  at  R.O.F.  Bishopton.) 
Apart  from  obtaining  further  confirmation  of  the  soundness  of  the  methods,  the 
success  of  this  venture,  probably  unique  of  its  kind,  must  be  credited  to 
Mr.  R.G.  Ross,  Superintendent  -Chemical  Engineering  and  his  staff,  notably 
Dr.  A.W.H.  Pryde,  Mr.  R.P.  Ayerst  and  Mr.  L.S.  Herbert,  who  nevertheless 
managed  simultaneously  to  maintain  effort  on  other  development  work  of  very 
particular  urgency.  Dr.  A.  Lovecy  and  his  group  also  made  important 
contributions.  Whether  or  not  American  Cyanamid.  Co.  eventually  decide  to 
apply  this  experience  on  behalf  of  the  American  Government ,  the  episode  must 
be  regarded  as  a  highlight  of  1955. 


A  symposium  on  ballistic-modifiers  took  place  at  Waltham  Abbey  during  the 
second  week  of  August,  which  was  attended  by  about  a  dozen  specialists  from 
U.S.A.  Mr.  A.  Brewin,  D/C.S. ,  E.R.D.E.  organised  the  meeting,  and  whilst  it 
cannot  be  claimed  that  a  comprehensive  synthesis  of  ideas  emerged,  the  exchange 
of  views  was  lively  and  valuable  and  resulted  in  each  side  becoming  fully 
informed  of  the  other's  multifarious  activities  in  this  currently  important 
field. 

In  June,  at  the  invitation  of  General  Fleuiy,  Direction  des  Poudres, 
P.D.S.R.(d)  and  D.M.X.R.D,  made  a  rapid  tour  of  French  propellant  establish¬ 
ments.  Since  then  an  exchange  of  visits  has  taken  place  between  E.R.D.E.  and 
their  opposite  numbers  in  France. 

A  frequent  obstacle  to  making  recommendations  to  the  Services  for 
adoption  of  fuels  and  lubricants  and  hydrocarbon  products  generally  is  the 
lack  of  test  facilities  under  actual  Service  conditions.  With  the  object  of 
ascertaining  the  position  within  B.A.O.R.,  D.M.X.R.D.  arranged,  with  the 
assistance  of  D.W.D.,  War  Office,  a  visit  to  Germany  of  a  party  of  three, 
comprising^ an  engineer  from  F.V.R.D.E. ,  a  representative  of  London  Transport 
Executive  (possessing  specialised  experience  of  conducting  field  trials)  and 
a  member  of  the  fuels  and  lubrioants  section,  M.X.6,  of  D.M.X.R.D.  A  report 
is  about  to  be  Issued. 


There  has  been  a  certain  amount  of  unrest  amongst  the  native  employees  at 
the  Tropical  Testing  Establishment,  Nigeria,  on  account  of  the  delay  in 
authorising  wage  increases  and  arrears  of  pay  following  the  Gorsueh  Award  -  a 
report  and  reoomend&tiona  on  conditions  and  pay  in  the  Nigerian  civil  service. 
The  situation  appears  to  be  in  hand. 


A  paper  entitled  "Corrosion  of  Metals  in  the  Tropics"  by  H.R.  Ambler  and 
A.A. J.  Bain,  formerly  Director  T.T.S.  and  Deputy  Director,  has  appeared  In  the 
Journal  of  Applied  Chemistry.  Da  it  are  presented  the  results  of  several 
years  work  in  tropical  environments. 
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Turning  to  domestic  matters,,  the  last  six  months  have  seen  a  marked 
deterioration  in  the  staffing  position  at  E.R.D.E.  and  the  continuance  of  a 
similar  unsatisfactory  state  of  things  on  the  Materials  side  of  D.M.X.R.D. 

By  contrast  the  building  programmes  at  Y/altham  Abbey  have  advanced  satis¬ 
factorily;  substantial  progress  has  been  made  with  the  structure  of  the 
building  to  contain  D.M.X.R.D's  Materials  Laboratory.  At  Pamborough,  final 
completion  of  the  Textiles  Laboratory  is  held  up  pending  delivery  of  a  very  * 

large  piece  of  test  equipment,  but  experimental  work  has  begun  there. 


January,  1956. 


'1  V*.  „  tfUvw. 

Director  of  Materials  aarfT Explosives 
Research  and  Development 


•/ 


i 


» 


-2- 


SUBJECTS  OP  SPECIAL  INTEREST 


AOTI -CRYSTALLISING  RUBBERS 


Natural  and  many  synthetic  rubbers  exhibit  two  major  defects  at  sub¬ 
zero  temperatures.  One  is  the  rapid  transition  at  very  low  temperatures, 
below  -50°C.  for  natural  rubber,  to  a  rigid  and  brittle  state,  caused  by  a 
decrease  in  molecular  mobility.  The  second  is  the  slow  hardening  with  time 
at  low  temperatures,  due  to  crystallisation  of  the  rubber,  which  oocurs  in 
natural  rubber  at  a  maximum  rate  at  -26°C. 

The  first  of  these  deficiencies  may  be  mitigated  by  suitable 

flasticisation  and  work  at  the  British  Rubber  Producers  Research  Association 
Fletcher,  Gent  and  Wood!  Third  Rubber  Technology  Conference,  195k)  has 
shown  how  this  may  be  achieved  without  undue  deterioration  in  physical 
properties.  Plastic isation  does  not,  however,  prevent  the  rubber  from 
orystallising  on  storage  at  moderately  low  temper attires. 

Crystallisation  is  caused  by  the  alignment  of  portions  of  adjacent 
molecules,  forming  nucleation  oentres  which  promote  crystal  growth,  so  in 
turn  causing  further  structural  alignment.  This  brings  about  a  relaxation 
of  stress  in  a  stretched  sample  and,  ultimately,  an  actual  increase  in  length. 

From  this  physical  picture  it  can  be  predicted  that  randomly  spaced 
irregularities  attached  to  the  rubber  molecule  should  retard  crystallisation, 
since  they  would  prevent  the  formation  of  nucleation  centres.  Vulcanisation 
acts  in  this  way  and  some  types  of  vulcanisate  are  highly  resistant  to  I 

crystallisation,  unlike  raw  rubber.  However,  Service  demands  on  rubber 
products  in  this  respect  are  becoming  increasingly  stringent  and  the  need 
exists  for  greater  retardation  of  crystallisation  than  is  possible  by  suoh 
means. 

Anti-crystallising  rubbers  are  chemically  modified  rubbers  developed 
by  the  British  Rubber  Producers  Research  Association  to  overcome  the 
Inherent  tendency  of  natural  rubber  to  crystallise, 

Modification  of  the  rubber  has  been  carried  out  by  treatment  with  small 
amounts  of  organic  thiol  acids  and  products  have  been  obtained  which  have 
rates  of  crystallisation  less  than  one-hundredth  of  that  of  a  comparable 
unmodified  vulcanisate. 

Addition  of  the  thiol  acid  to  natural  rubber  has  been  made  in  two  ways! - 
(l)  To  the  rubber  during  compounding, 

(2)  To  the  later  followed  by  coagulation,  etc. 

The  first  method  is  obviously  the  more  convenient  since  in  principle 
the  rubber  manufacturer  should  be  able  to  carry  out  the  reaction  using 
supplies  of  normal  rubber.  Owing,  however,  to  the  formation  of  a  by-product 
which  is  an  extremely  potent  producer  of  premature  vulcanisation  ( 1  scorch' ) 
such  compounds  cannot  be  reoomoended  for  factory  use  (unless  the  hy-produet 
oan  be  removed. by  solvent  extraction).  Furthermore,  the  reaction  in  the  012,1 
is  notably  Inefficient  since  it  is  so  rapid  that  non-random  distribution 
occurs.  This,  coupled  with  loss  of  reagent  by  the  side  reaction,  lsads  to 
inadequate  retardation  with  leas  than  3  parts  of  reagent  per  100  parts  of 
rubber. 

The  second  method,  addition  of  thiol  acid  to  natural  rubber  latex,  has 
been  successfully  achieved  by  B.R.F.R.A. ,  although  further  development  is 
neoessary  to  enable  large  scale  preparation  to  be  carried  out,  Xn  latex  the 
additive  osa  he  well  dispersed  before  reaction  oocurs  and  thare  is  little  or 
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no  by-product.  Consequently,  the  efficiency  of  action  per  unit  of  additive 
is  very  greatly  Increased  and  retardation  ratios  of  exceeding  100  to  1  have 
been  obtained  by  the  addition  of  less  than  0.2  parts  of  reagent  per  100 
parts  of  rubber.  Furthermore,  the  scorch  problem  disappears  since  no 
appreciable  amount  of  the  by-product  is  present  in  the  dried  coagulum. 

Some  difficulty  has  been  experienced  because  of  the  marked  tendency  to 
oxidative  degradation  during  the  reaction  and  during  the  drying  of  the 
product,  but  satisfactory  small  batches  of  material  have  been  produced  and 
large  scale  production  is  being  tried. 

The  physical  properties  of  the  vulcanisates  made  from  the  modified 
rubber  are,  at  the  moment,  slightly  inferior  to  those  of  comparable 
vulcanisates  made  from  standard  rubber,  but  further  work  is  in  hand  to 
improve  these.  The  main  deficiency  appears  to  be  in  the  ageing 
characteristics,  probably  due  to  the  oxidative  degradation  mentioned  above 
and  a  reduction  of  this,  on  which  work  is  being  carried  out,  should  lead  • 
to  an  improvement.  The  work  is  covered  by  Patents  granted  to  B.R.P.R.A. 

Arctic  trials  on  both  test  samples  and  components  have  been  planned 
and  it  is  hoped  that  these  will  commence  in  January  1956. 


CEMENTS  FOR  SEALING  AMMUNITION 

Cements  are  widely  used  in  ammunition  assemblies  for  two  main  purposes, 
the  more  important  of  which  is  to  seal  the  joints  against  ingress  (or 
egress)  of  liquids  and  vapours,  especially  water,  whilst  the  other  use  is 
to  form  a  mechanical  bond  between  the  cemented  components.  In  general,  the 
joints  to  be  sealed  are  screw-threaded. 

•  Cements  for  U3e  in  proximity  to  explosives  must  set  at  room  temperature. 
Such  cements  may  be  divided  into  three  classes: 

(i)  Those  which  dry  by  evaporation  of  solvent,  the  solid  residue 
remaining  soluble. 

(ii)  Those  which  first  dry  by  evaporation  of  solvent,  and  subsequently 
irreversibly  gel  and/or  polymerise. 

(iii)  Those  which  set  by  chemical  reaction  and  do  not  need  a  solvent. 

Cements  of  the  first  two  classes  have  the  disadvantage  of  excessive 
contraction  during  drying;  this  causes  the  formation  of  channels  in  or 
porosity  of  the  residual  solid  and  results  in  poor  sealing  efficiency; 
they  also  dry  very  slowly.  Cements  which  harden  by  chemical  reactions  are 
the  only  ones  which  can  have  s  satisfactorily  low  contraction  during  setting 
and  set  sufficiently  quiokly. 

The  ourrent  Service  lead  free  chemically  setting  cements  (R.D.12A1B, 
R.D.1242B,  R.D.12A3B,  and  R.D.124B)  are  soaps  loaded  with  mineral  fillers, 
which  set  by  the  reaction  between  magnesium  oxide  and  oleic  acid.  The 
reactivity  of  the  ingredients  is  variable  and  this  variation  gives  rise  to 
a  pot  life  which  may  be  either  too  Bhort  or  too  long;  frequently  setting 
times  are  also  too  long.  The  raogneaiun  oleate  cements,  when  set,  are 
brittle  and  liable  to  fracture  on  rough  usage,  although  they  contain  a 
plasticiser  in  varying  proportions.  Their  contraction  on  setting,  although 
less  than  that  of  oements  containing  solvents,  is  of  the  order  of  10$  by 
volume. 

A  survey  has  been  made  of  industrial  oements  and  adhesives  in  order 
to  find  materials  superior  to  the  Service  compositions.  The  field  is 


strictly  limited  in  that  any  cement  for  use  in  ammunition  must  be  compatible 
■with  high  explosives  or  propellants  and  preferably  with  both.  One  of  the 
moat  promising  types  of  material  is  a  resin  that  is  based  on  the  phenols 
derived  from  cashew-nut-shell  liquid.  These  phenols  can  be  polymerised  to 
form  resins  which  react  at  room  temperature  with  paraformaldehyde , 
producing  rubbery  gels.  A  particular  grade  of  cashew-nut-shell  polymer 
(H.8160,  manufactured  by  British  Resin  Products  Ltd.),  has  been  found 
satisfactorily  compatible  with  explosives,  except  amatol. 

A  cement,  R.D.1286,  containing  100  parts  by  weight  of  this  resin  with 
6  parts  by  weight  of  paraformaldehyde,  has  been  developed  and  its  physical 
and  chemical  properties  have  been  compared  with  those  of  the  Service  cements. 
R.D.1286  is  more  flexible,  its  contraction  during  setting  (about  2%  by 
volume)  is  much  less  and  it  is  a  better  thread-sealer.  It  makes  good  seals 
over  a  wider  range  of  temperature  and  is  generally  stronger  than  Service 
cements.  Its  pot  life  is  much  less  variable  and  its  setting  time  is 
considerably  shorter. 

The  use  of  R.D.1286  in  a  number  of  Service  stores  is  under 
consideration  and  it  is  hoped  that  it  will  ultimately . replace  the  Service 
magnesium  oleate  cements.  It  is  proposed  to  pack  the  two  components  of 
the  cement  in  convenient  dual  containers. 

A  report  describing  the  development  of  this  cement  has  been  prepared. 


THE  DE-LEADING  OF  GASOLINE 

In  the  event  of  war  the  only  grade  of  gasoline  likely  to  be  supplied 
in  the  field  is  M.T.80  which. may  contain  up  to  3.6  ml/l“*psrial  gallon 
(3.0  ml/U.S.  gallon)  of  tetra-ethyl  lead  (T.E.L. ). 

Fighting  vehicles  have  been  designed  to  operate  entirely  successfully 
on  fuel  containing  3.6  ml/l.Q.  of  T.E.L.  Normal  commercial  grades  of 
gasoline  in  U.K.  contain  only  1.8  ral/l.G.  or  less  of  T.E.L.  and  requisitioned 
commercial  vehicles  may  need  to  be  modified  before  they  will  operate 
satisfactorily  on  high  lead  content  gasoline;  the  fitting  of  new  valves  made 
from  improved  steels  and  valve  rotators  would  be  the  only  necessary  modifica¬ 
tions. 


Stationary  engines  and  certain  gasoline  fuelled  heating  and  lighting 
equipments,  however,  have  their  life  drastically  reduced  if  they  operate  on 
high  lead  oontent  fuel.  With  flue-less  type  heating  or  cooking  equipment 
the  toxic  hazards  from  the  lead  compounds  in  the  products  of  combustion  are 
not  neoessarily  negligible  although  evidence  on  this  point  is  not  conclusive. 

For  stationary  engines  the  Services  rely  on  selected  comnerclal  types 
and  these  engines,  as  normally  supplied,  have  a  short  life  before  top  overhau 
becomes  necessary  if  operated  on  gasoline  containing  3.6  ml/l.G.  of  T.S.L.  t 
exhaust  valve  burning  and  the  build  up  of  engine  deposits  being  the  symptons 
or  the  causes  of  failure.  Here  again,  some  success  has  been  achieved  by 
simple  engine  modifications  including  improved  valve  steels  and  valve 
rotators  with  some  redesign  of  valves  and  valve  seatings.  The  extension  of 
the  life  of  a  stationary  engine  by  Increasing  its  resistance  to  the  effects 
of  lead  deposits  does  not,  however,  prevent  the  general  build  up  of  deposits 
in  the  engine.  After  some  time  (from  about  300  hours  onwards)  trouble  may 
be  experienced  through  the  breaking  away  of  pieces  of  deposit  from  the 
cylinder  head  which  is  most  likely  to  occur  on  engine  shut-down.  These  piec 
can  jam  the  piston  or  valves  and  prevent  the  engine  from  restarting. 

The  design  of  heating  equipments  to  operate  on  high  lead  oontent 
gasoline  is  well  advanced  but  designs  could  probably  be  simplified, 
maintenance  could  be  reduced  and  over-all  efficiency  improved  if  a  lead 
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free  or  low  lead  content  gasoline  were  used.  Gasoline  burning  lamps  do  not 
appear  to  be  very  efficient  when  operated  on  high  lead  content  gasoline  and 
de-leading  of  the  fuel  before  use  may  be  the  only  acceptable  solution  for  this 
particular  application. 

It  was  after  consideration  of  the  problems  associated  with  the  use  of 
high  lead  content  gasoline  in  the  equipments  mentioned  above  that  it  was 
decided  that  the  possibility  of  de-leading  Service  gasoline  in  the  field 
should  be  investigated. 

Many  methods  have  been  proposed  and  investigated  in  the  past  and 
several  papers  and  patents  have  been  published  on  the  subject.  After 
reviewing  these  the  scope  of  the  present  work  was  limited  to  the  examination 
of  those  techniques  which  might  be  suitable  for  field  use.  The  employment 
of  toxic  or  corrosive  chemicals  was  rejected  as  well  as  methods  involving 
comparatively  complex  plant  (e.g.  cracking  or  distillation  techniques). 

Absorbent  materials  were  thus  the  only  ones  worthy  of  investigation  and 
an  Extra-Mural  Research  Contract  wa s  placed  by  D.M.X.R.D.  with  the  British 
Petroleum  Research  Station  for  this  work.  It  was  hoped  that  a  simple 
percolation  process  such  as  pouring  the  gasoline  from  one  jerrican  through 
a  filter  device  into  another  would  be  all  that  was  required.  This  was  not, 
however,  found  to  be  practicable  as  all  the  granular  or  pelleted  absorbents 
were  comparatively  inactive;  if  powdered  materials  were  used  the  percolation 
was  too  slow.  About  twenty  absorbents  such  as  bauxite,  charcoal  and  various 
cloys  and  ion  exchange  resins  were  examined,  but  the  only  material  with  any 
marked  activity  was  a  sulphuric  acid  activated  montmorillonite  clay  marketed 
by  the  Pullers  Earth  Union.  The  investigation  included  the,  variation  of  the 
reduction  in  T.E.L.  content  with  both  contact  time  and  quantity  of  clay  and 
a  treatment  was  selected  which  was  considered  the  best  compromise  for 
practical  use.  This  involved  shaking  or  stirring  the  gasoline  with  the 
powdered  clay  lb  Clay  to  1  gallon  of  Gasoline)  for  15  minutes,  and 
methods  have  been  developed  for  carrying  this  out  in  a  jerrican  and  also 
on  the  forty-gallon  drum  scale. 

Whether  even  the  simplest  practical  technique  that  can  be  developed 
will  be  acceptable  to  the  equipment  user,  depends  on  whether  the  treatment 
is  less  nuisance  than  the  extra  maintenance  that  results  from  operation  on 
high  lead  content  gasoline.  Trials  on  certain  stationary  engines  and 
gasoline  fuelled  heating  and  lighting  equipments  are  at  present  in  progress 
and  will  help  to  decide  this  point.  These  trials  will  also  demonstrate 
whether  other  slight  changes  in  the  gasoline  which  take  place,  in  addition 
to  the  reduction  in  lead  content,  have  any  adverse  effect  on  the  performance 
of  the  equipments. 


THE  MANUFACTURE  OF  GUANIDINE  NITRATE  FROM  NITROLIM 


Collaboration  with  U.S.  Army  Authorities 

Since  1948  E.R.D.E.  has  done  much  work  on  the  development  of  new 
methods,  and  the  improvement  of  existing  ones,  for  the  production  of 
"picrite",  i.e.  nitroguanidine  of  crystal  size  suitable  for  incorporation 
in  gun  propellants.  Two  stages  of  the  manufacture  from  nitrolim  have  been 
substantially  improved.  These  ares- 

(i)  Conversion  of  nitrolim  to  guanidine  nitrate  by  reaction  with  hot 
aqueous  ammonium  nitrate  (the  so-called  Direct  Fusion  process), 

(ii)  Conversion  of  guanidine  nitrate  to  nitroguanidine  with  the  aid  of 
oleum  and  recycling  of  spent  acid  to  the  nitrator  (low-ratio 
nitration  process). 

Both  stages  have  been  studied  on  a  fair  scale  and  continuously  operated  pilot 
plants  have  been  run  for  long  periods  to  prove  their  chemical  engineering 
feasibility.  These  E.R.D.E.  developments  are  included  in  the  new  picrite 
plant  under  erection  at  R.O.P.  Bishopton. 

In  September,  1954,  D.M.X.R.D.  was  informed  that  the  U.S.  Army- was 
considering  putting  up  additional  picrite  capacity  and  wished,  before 
deciding  to  copy  the  Welland  plant,  to  explore  the  possibilities  of  any 
new  methods  available,  either  in  U.S. A.  or  U.K.  The  Office  of  the  Chief 
of  Ordnance  was  advised  to  consider  the  two  E.R.D.E.  developments  enumerated 
above.  O.C.O.  later  placed  a  contract  with  Meric  an  Cyonamid  Co.  to  design 
and  erect  the  new  plant. 

The  first  important  question  that  arose  was  whether  the  E.R.D.E.  direct- 
fusion  process  could  replace  the  equivalent  Welland  stages,  conversion  of 
nitrolim  to  dicyandiamide,  and  treatment  of  the  latter  with  ammonium  nitrate 
in  liquid  ammonia  solution  at  high  temperature  and  pressure  to  give  guanidine 
nitrate.  A  delegation  from  Meric  an  Cyanamid  Co.  came  over  in  March  1955  to 
discuss  all  aspects  of  the  E.R.D.E.  developments,  but  more  particularly 
direct-fusion.  Discussions  were  held  in  Shell  Mex  House  and  at  E.R.D.E.  and 
the  visitors  studied  comprehensively  the  pilot  plants  in  operation. 

Later  it  was  proposed  that,  in  order  to  save  the  time  which  would  be 
involved  in  proving  the  direct-fusion  process  in  Merica,  their  technicians 
should  run  the  Waltham  Abbey  plant  on  North  Merican  nitrolim.  This  was 
agreed.  A  comprehensive  programme  of  plant  trials,  and  of  associated 
laboratory  preparative  and  analytical  work,  was  drawn  up  between  E.R.D.E. 
and  representatives  of  O.C.O.  and  the  firm.  Arrangements  were  made  to  send 
over  supplies  of  nitrolim  from  two  sources,  Oklahoma  and  Niagara.  Three  or 
four  chemical  engineers  from  Cyanamid  came  over  to  assist  the  E.R.D.E.  staff 
run  the  pilot  plants  continuously. 

The  trials  at  E.R.D.E,  extended  over  about  three  months  and  were 
entirely  successful.  Nit ro lima  from  North  America  behaved  similarly  to  the 
Norwegian  and  Kenfig  materials  normally  used  here.  The  expected  yields  of 
guanidine  nitrate  were  obtained  in  five-day  continuous  runs  but  there  was  a 
large  loss  of  ammonium  nitrate,  traced  ultimately  to  a  fault  in  the  evaporator 
which  allowed  some  of  the  circulating  liquor  to  escape  through  the  steam  trap. 
Laboratory  work  had  indicated  that  an  accumulation  of  deleterious  inpurities  • 
in  the  re-cycled  aranonium  nitrate  solution  was  most  unlikely  to  occur. 

Trials  of  the  low-ratio  nitration  process  were  much  less  comprehensive 
but  the  plant  was  run  continuously  for  three  days.  The  expected  yield  of 
nitro-guanidine  was  obtained. 
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These  trials  have  confirmed  the  earlier  results  of  E.R..D.E.  The  yields, 
calculated  as  per  cent  of  theory  on  the  total  nitrogen  content  of  the 
nitrolim,  together  with  recent  Welland  results  provided  by  the  American 
Cyanamid  Co.  for  comparison,  .are  tabulated  below: 


Stage'’ 

-  EaRaDaEa 

Welland 

(l)  Nitrolim  to  guanidine  ni.trate 

91 

82 

(2)  Guanidine  nitrate  to  nitroguanidine 

'  94 

89 

(3)  Nitroguanidine  to  picrite 

98 

98' 

(4)  Overall  yield  -  Nitrolim  to  picrite 

84 

71 

For  fair  comparison  the  E.R.D.E.  yield  (l)  has  been  corrected  for 
guanidine  nitrate  in  solution  in  the  recycled  ammonium  nitrate  liquor,  a 
procedure  justified  by  the  shortness  of  the  pilot-plant  runs.  Without  this 
correction,  yield  (l)  is  87?5  and  yield  (4)  80^5. 

There  are  other  advantages  of  the  E.R.D.E.  processes.  The  intermediate 
guanidine  nitrate  is  purer;  it  contains  virtually  no  melamine  (Welland 
1.25$  and' less  ammonium  nitrate,  about  2%  in  place  of  over  5%*  The 
sulphuric  acid  usage. in  the  nitration  stage. is  much  less;  20%  oleum 
equivalent  to  1.8  parts  of  sulphuric  acid  per  part  of  picr-ite,  compared  with 
3.0  parts  of  sulphuric  acid. 

As  a  footnote  to  the  above,  it  should  be  added  that  i_n  the  E.R.D.E. 
pilot  plant,  guanidine  nitrate  is  finally  crystallised  from  the  reaction 
liquor  in  a  scraper-cooler.  A  disadvantage  of  this  equipment  is  the  low 
heat-transfer  coefficient,  and  on  American  scale  of  production  the  area 
of  cooling  surface  would  be  prohibitively  large.  American  Cyanamid  Co. 
therefore  decided  to  examine  the  behaviour  of  a  simulated  plant  liquor  in 
a  large  vacuum  crystalliser  at  Welland.  An  E.R.D.E.  representative  was 
invited  to  U.S.A.  in  October  to  participate  in  the  trials.  The  results 
were  entirely  satisfactory.  The  crystalline  guanidine  nitrate  filtered 
easily  and  its  contamination  with  ammonium  nitrate  wa3  low. 

Because  of  the  large  concentration  of  ammonium  nitra~te  in  the  plant 
liquor,  a  good  vacuum,  obtained  by  steam  ejectors,  was  necessary  to  produce 
adequate  cooling.  The  steam  consumption  was  therefore  hi.gh  and  adoption 
of  similar  equipment  in  U.K.  would  be  expensive. 


PRESSED  CHARGES 

"Pressed  Charges"  are  a  development  of  I.C.l. 's  gas  producing 
compositions  based  on  the  catalysed  decomposition  of  ammonium  nitrate 
(A.N.),  ‘guanidine  nitrate  (G.N. )  or  mixtures  of  the  two.  The  production  of 
such  charges  is  essentially  very  simple:  the  ammonium  ( and/or  guanidine) 
nitrate  is  mixed  intimately  with  the  catalyst  (usually  ammonium  bichromate) 
and  the  dry  mixture  is  consolidated  under  heavy  pressure  (5  tons/sq. In. ) . 

Charges  of  this  type  were  used  first  in  "power  cartridges"  to  generate 
gas  under  pressure  for  a  variety  of  applications.  The  chmrges  were  end- 
burning,  and  were  pressed  directly  into  cylindrical  steel  cases  lined  with 
gasket  material  to  protect  the  case  and  to  prevent  side-lourning. 

For  rockets  requiring  large  (15“20  in3.  diameter)  claai’ges ,  which  bum 
outwards  from  the  surface  of  a  star-shaped  longitudinal  ^perforation*  such 
a  system  is  unsuitable,  because  of  differential  thermal  expansion  over  the 
wide  temperature  range  required.  The  propellant  is  therefore  pressed  in 


cylindrical,  segmented  moulds  into  blocks  ("cheeses")  which  are  an  easy 
fit  in  the  rocket  case  at  the  lowest  temperature  concerned.  The  central 
perfomntion  is  produced  by  pressing  round  a  star-shaped  mandrel.  The 
inhibition  can  be  a  layer  of  incombustible  material  on  the  surfaoes  of  the 
cheeses  as  required,  the  whole  being  pressed  together  in  one  operation. 
Satisfactory  bonding  between  inhibitor  and  propellant  was  achieved  by 
including  in  the  inhibitor  a  proportion  of  guanidine  nitrate,  the  remainder 
being  kaolin. 

The  existence  of  several  crystalline  forms  of  ammonium  nitrate  and 
the  readiness  with  which  each  changes  to  another  at  a  well-defined 
temperature,  with  'an  appreciable  and  disruptive  volume  change  is  a  factor 
of  importance  in  the  use  of  ammonium  nitrate  in  the  compressed  form.  The 
phase-change  at  32°C.  (about  90°P. ),  particularly  troublesome  in'  this 
connection,  has  been  found  to  be  largely  suppressed  if  the  ammonium  nitrate 
is  replaced  by  a  9 si  mixture  with  potassium  nitrate  (JC.N. ).  Whilst  simple 
dry  mixing  of  the  A.N.  and  IC.N.  appeared  at  first  to  be  adequate,  it  has 
now  been  found  necessary  to  effect  a  degree  of  mixed-crystal  formation  by 
mixing  the  salts  with  water  in  a  heated  incorporator  and  continuing  the 
agitation  until  the  mixture  is  dry. 

Because  a  sufficiently  large  press  was.  not  available  in  an  explosives 
area,  the  earlier  large  pressed  charges  for  rockets  were  made  of  a 
substantially  non-explosive  mixture,  "M.R. C.12"  comprising,  A.N./K.N. , 

G.N.  and  catalyst  in  the  proportions  13:83:4,  the  catalyst  being  a  3:1 
mixture  of  ammonium  bichromate  and  cupric  oxide.  Charges  of  M.R. C.12  have 
given  satisfactory  results,  both  static  and  in  flight,  in  the  "Rat  Catcher" 
motor  for  a  "Red  Shoes"  test  vehicle. 

After  a  1500-ton  (dead  load)  press  had  been  installed  at  Ardeer,  more 
energetic  charges  (that  is,  containing  more  ammonium  nitrate)  were  developed 
Compositions  R.C.5  and  R.C.6,  essentially  36:62  mixtures  of  A.N./K.N.  and 
G.N. ,  were  developed  for  the  "Elkhound"  motor,  also  for  the  "Red  Shoes" 
weapon.  The  two  compositions  were  adjusted  to  differing  burning  rates  by 
variation  of  the  added  catalyst  and  the  two  were  pressed  together  in  a 
transverse  configuration  so  that  the  whole  charge  was  consumed  without 
leaving  unbumt  "slivers";  this  "birate"  configuration  increased  the 
available  energy  of  the  charge  and  produced  a  sharp  "cut-off"  at  the  end 
of  the  binning . 

In  the  early  stages  of  these  developments,  I.C.I.  were  urged  to  find  an 
alternative  to  G.N. ,  which  was  then  in  short  supply;  R.C.  type  compositions 
go  part  of  the  way  towards  meeting  that  requirement.  Although  G.N.  is  now 
plentiful,  the  best  fuels,  theoretically,  for  ammonium  nitrate  would  clearly 
be  either  elemental  carbon  or  hydrogen  or  an  endothermic  compound  of  the 
two  which  would  contribute  the  energy  of  its  own  decomposition,  as  well  as 
that  of  the  combustion  of  its  elements  in  the  oxygen  of  the  ammonium  nitrate 
A  further  advantage  of  a  fuel  without  oxygenated  groups  is  that  the 
propellant  based  on  it  can  accept  a  correspondingly  higher  proportion  of  the 
cheap  (3d.  per  lb.)  ammonium  nitrate  oxidant. 

In  searching  for  alternatives  to  G.N. ,  processing  feasibility  must  be 
considered  as  well  as  energy  contributing  factors.  Of  the  many  substances 
examined,  anthraquinone,  acetanilide,  dinitronaphthalene,  p-nitro aniline, 
bitumens,  pitch,  anthracite  and  aniline-formaldehyde  resin  ("panilax")  have 
shown  promise  in  varying  degrees.  Recent  developments,  however,  have  used 
high  melting  synthetic  hydrocarbon  waxes  as  fuels  for  the  A.N. ;  typical 
compositions  are  wax*A.N./K.N. ::  8.5:89.5  (tA.F.W.l)  and  6.5*91.5  (A.F.W.2) 
each  with  two  percent  of  ammonium  bichromate  and  from  0  to  3%  of  china  clay. 
These  compositions,  in  "bi-rate"  conjunction,  are  being  used  to  develop  the 
"Staghound"  charge,  which  could  power  either  the  "Red  Shoes"  sustainer  or  an 
aircraft  A.T.O.  motor. 

For  satisfactorily  uniform  consolidation,  the  compacted  blocks  of 
propellant  must  have  lengths  not  greatly  exceeding  their  diameters.  Bach 


motor  of  the  size  concerned  must  therefore  contain  a  number,  generally 
three,  of  such  blocks,  each  weighing  about  200  lbs.  Initially,  each  blook 
or  "chesse"  was  provided  with  an  inhibiting  layer  of  G.N./Kaolin  at  each 
end  in  addition  to  the  external  cylindrical  surface;  each  pair  of  cheeses 
was  separated  by  a  rubber  gasket  (star-perf orated)  and  the  whole  charge  was 
held  in  position  by  compression  springs  in  a  sort  of  "bedstead"  at  the  front 
end  of  the  motor  body. 

With  compositions  containing  very  high  proportions  of  ammonium  nitrate, 
difficulties  were  encountered  in  obtaining  satisfactory  matching  between  the 
thermal  properties  of  the  propellant  and  those  of  the  inhibitor,  which 
tended  to  crack  on  temperature  cycling,  through  differential  thermal 
expansion.  With  the  wax  compositions  it  was  found  also  that  the  spring 
device  caused  slow  longitudinal  shortening,  with  corresponding  spreading  in 
the  diameter  of  the  cheeses. 

Attention  has  therefore  been  turned,  with  promising  results,  to  the 
provision  of  an  inhibitor  in  the  form  of  a  tubular  rubber  sleeve  stretched 
over  the  assembled  cheeses,  followed  by  a  wrapping  with  cellulose  acetate 
sheet,  cemented  with  acetone  as  in  the  making  of  "beakers"  for  C.D.B. 
propellant.  Integral  inhibition  with  inert  powder  is  omitted  except  at  the 
forward  end  of  the  ohoese  farthest  from  the  venturi.  At.  the  venturi  end 
inhibition  is  provided  by  a  star-perforated,  thick  walled  shallow  dish  of 
C.A. ,  which  becomes  integral  with  the  C.A.  wrapping  later  applied.  A 
circumferential  groove  is  then  cut  in  the  cylindrical  wall  of  the  dish  to 
house  a  clip  which  holds  the  charge  in  the  motor  without  compressing  the 
propellant. 

These  modifications,  the  change  to  more  energetic  compositions  and  the 
addition  of  domed  ends  to  the  outer  cheeses,  have  resulted  in  progressive 
increases  in  the  total  impulse  of  the  charge  in  the  same  motor  from 
85, OCX)  (Ratcatcher)  to  116,000  (Elkhound)  and  135,000  (Staghound)  lbs. -second. 
The  corresponding  Specific  impulses  of  the  three  compositions  at  400  p.s.i. 
are  around  160  (M.R.C.12),  175  (R.C.)  and  190  (A.F.W.l). 

The  advantages  of  pressed  propellants,  lie  in  their  safety,  chemical 
stability  and  economy. 

Regarding  safety,  the  loose  compositions  can  be  detonated,  but  are  not 
prohibitively  friction  sensitive.  The  pressed  blocks,  however,  cannot  be 
detonated  by  blasting  gelatine  primers,  as  has  been  repeatedly  demonstrated. 
When  a  motor  filled  with  a  block  of  R.C.  composition  is  roasted  only  a 
pressure  burst  results  and  fragments,  generally  large,  of  the  block  are 
projected,  to  fall  around  unignited.  Trials  have  indicated  also  that  no 
more  than  a  pressure  burst  is  likely  in  the  event  of  an  ignition  during 
the  pressing  operation.  More  work  on  these  lines  is,  however,  required  with 
the  wax  compositions. 

Regarding  chemical  stability,  the  pressed  compositions  compare  rather 
with  typical  Service  H.E. s  than  with  colloidal  propellants;  the  Vacuum 
Stability  teat  is  thus  applicable.  It  appears  that  pressed  charges  would 
not  require  the  periodic  inspection  and  proof  procedure  necessary  with 
cordites;  neither  should  they  be  liable  to  cracking  due  to  formation  of 
gaseous  decoimposition  products  during  hot  storage. 

The  economy  of  pressed  charges  follows  not  only  from  their  high 
content  of  ammonium  nitrate  (£25  per  ton)  but  also  from  the  relative 
simplicity  of  the  pressing  operations:  dry  mixing,  pre-caking,  granulation, 
final  pressing  -  all  largely  non-hazardous ,  and  none  involving  a  chemical 
process.  The  cost  of  a  pressed  charge  filling  for  a  typical  A.T.O.  motor 
should  be  less  than  one-third  of  that  of  the  corresponding  cordite  charge. 

Objections  to  pressed  charges  lie  in  the  hydro scopicity  of  ammoniixn 
nitrate,  the  relatively  low  energy  content  of  propellants  in  which  it  forms 
the  oxidant  and  the  limited  resistance  of  the  block  to  rough  usage. 
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The  hydro acopicity  of  ammonium  nitrate  requires  the  relative  humidity 
of  the  process  room  atmosphere  to  be  strictly  controlled.  In  practice, 
this  has  not  caused  serious  difficulty  in  the  wettish  climate  of  south 
west  Scotland,  but  cheeses  must  be  well  protected,  e.g.  in  polythene  bags 
in  sealed  containers,  for  transport  and  motors  must  be  charged  in  a  dry 
atmosphere  and  hermetically  sealed  for  storage.  Impact  resistance  of  the 
pressed  R.C.  compositions  has  recently  been  found  to  be  markedly  dependent 
on  the  dryness  of  the  cheeses,  too  low  a  residual  moisture  content  leading 
to  increased  fragility.  This  effect  may  not  be  easy  to  control;  more  work 
is  required,  especially  on  the  wax  compositions,  in  which  the  diffusibility 
of  residual  moisture  may  be  less,  whilst  the  rubber/C. A.  wrapping  may  help. 

The  low  energy  content  of  ammonium  nitrate  propellants  is  inherent. 

It  can  be  improved  only  by  including  more  energetic  oxidants  and/or 
endothermic  fuels,  e.g.  perchlorates  or  nitrate-perchlorate  mixtures  at 
increased  cost  and  complication  and  probably  with  some  sacrifice  of  safety. 
The  drawback  of  oxygenated  fuels,  already  mentioned,  is  the  lower 
proportion  of  cheap  oxidant  in  the  finished  composition  that  their  use 
would  entail;  solid  acetylenic  hydrocarbons  are  worth  examination  as 
endothermic  fuels. 

The  relatively  low  mechanical  strength  of  pressed  charges  Is  scarcely 
surprising  in  view  of  their  structure  which  lacks  the  continuum  which  exists 
in  both  colloidal  and  plastic  propellants.  The  support  and  cushioning 
afforded  by  the  new  wrapping  may  make  this  objection  less  important. 
Improvement  could  be  looked  for  by  using  a  continuum-providing  fuel.  Waxes 
may  do  this  to  some  extent  but  are  not  themselves  mechanically  strong; 
thermo  plastic  and  thermo  setting  resins  are  obvious  possibilities,  but  the 
manipulation  of  pasty  mixtures  of  3alts  and  liquids  and  curing  by  hot- 
pressing  would  mean  radical  departure  from  the  simple  pressed-charge 
concept. 

Regarding  ballistics,  the  pressed-charge  propellants  are  generally 
slow  burning  (0.06  to  0.2  in.  per  second)  and  therefore  applicable  to 
sustainer  rather  than  boost  motors.  Their  ballistic  temperature  and 
pressure  dependencies  are  not  unacceptably  great.  No  useful  platonisation 
effects  have  so  far  been  discovered  with  these  compositions;  they  have, 
however,  the  advantage  that  the  rate  of  burning  of  a  given  fuel/oxidant 
mixture  can  be  controlled  by  varying  the  content  and/or  nature  of  the 
catalyst,  without  varying  the  energy  content  of  the  propellant;  blending 
of  rate  assessed  batches  to  achieve  exactly  the  desired  performance  is  thus 
facilitated. 

Pressed  charges  cannot  at  present  compete  with  case-bonded 
propellants  when  maximal  total  impulse  is  imperative.  They  offer,  however, 
simpler  manufacturing  and  motor  filling  techniques,  and  may  find  effective 
application  when  a  comparatively  cheap  propellant  is  essential  because  of  thi 
requirement  for  large  numbers  of  motors,  together  with  a  filling  operation 
which  can  take  place  elsewhere  than  in  a  filling  factory.  Motors  for 
assisted  take-off  of  aircraft,  using  sturdy  bodies  which  can  be  recharged 
repeatedly,  possibly  after  jettisoning,  seems  a  likely  field  for  pressed 
charges;  this  application  is  under  active  consideration. 
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Col. 3  Service  Project  Number  or  other  Reference 

‘  Where  the  item  being  reported  is  only  contributory  to  a  Service  Require-  • 
went,  the  reference  is  enclosed  in  brackets. 

Col. k  Priority,  Effort  and  Category 
Priority,  (p) 

Items  in  aid  of  Service  Requirements  are  assigned  to  the 
following  Priority  Classes: - 

Class  1  -  Projects  of  such  importance  that,  in  the  event  of 
unexpected  delay,  staff  and  resources  should  be  withdrawn  from 
projects  in  lower  classes  in  order  to  effect  completion  in  time. 

Class  2  -  Projects  of  importance  on  which  the  staff  and  resources 
necessary  should  be  employed  subject  to  the  over-riding  needs  of 
projects  in  Class  1 . 

Class  3  -  Projects  on  which  resources  remaining  after  meeting  the 
requirements  in  Classes  1  and  2  should  be  deployed. 

Class  k  -  Projects  to  which  no  effort  is  to  be  devoted  at  present. 

Internal  priorities  for  basic  work,  particularly  Research,  carried 
on  under  the  authority  of  the  Controller  of  Munitions,  are  assigned  a 
Basic  Priority  Classification  "A",  "B"  or  "C",  roughly  equivalent  to 
Priorities  1-3  respectively. 

Effort  (B) 

A  -  Item  is  so  fully  staffed  that  progress  would  not  be 
accelerated  by  any  increase, 

B  -  Sufficient  staff  has  been  allocated  to  the  item  to  ensure 
satisfactory  progress. 

C  -  Progress  on  this  item  is  retarded  by  the  lack  of  specialist 
staff. 

D  -  Item  to  which  staff  i3  allotted  when  work  of  higher  priority 
is  held  up  for  reasons  unconnected  with  staff. 

E  -  No  staff  can  be  made  available  for  this  item  at  present. 

R  -  Staff  are  allocated  for  short-term  jobs  as  the  needs  and 
priorities  of  the  moment  demand. 

Category  (c) 

The  Category  assigned  to  an  item  is  that  used  in  the  M.O.S.  internal 
planning  and  progressing  system  used  in  the  D.P.P.  (E.E. )  quarterly  returns. 

Category  1  -  Requirements  for  Service  and  Other  Departments 

1.1  -  Dated  Projects 

1.2  -  Undated  Projects 

1.3  •  Post-design  Services 

1  .it-  —  Unscheduled  jobs  (i.e.  officially  requested  by  a 

Department,  but  not  on  their  list  of  requirements) . 

Category  2  -  Requirements  Internal  to  M.O.S. 

2.1  -  Basic  and  Applied  Research  and  Development 

2.2  -  Development  and  Design  of  Test  and  Laboratory  Equip¬ 

ment. 

In  the  case  of  sub-categories  1,1  and  1.2,  items  are  further 
annotated  as  'A'  projects  (l.1A,  1.2A)  or  '  B'  projects  (l.1B,  1.2B). 

'A'  projects  are  those  which  appear  on  the  Service  or  other 
Departments'  list  of  requirements  and  for  which  the  Establishment 
indicated  in  col.  5  is  fully  responsible. 

’  B'  projects  are  items  on  which  the  Establishment  is  m>rklngt  but 
which  are  consequential  to  'A'  projects  for  which  the  main 
responsibility  lies  with  another  Establishment. 


-12- 


I 


(c)  Improvement  of  tear  T.O.P.S.  45  3  B  British  Cotton  As  a  result  of  previous 

strength  of  cotton  cloth  Industry  B.C. I.R.A.  (see  2.2  (b)) 
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ST-6,  ST-6-A,  ST-6-C,  such  as  cutting  oils.  Members  of  the 

ST-6-E,  ST-6-G,  ST-12,  Co-ordinating  Research  Council  bare 

3T-12-C  visited  this  country  to  give  information 

on  the  working  of  that  body  in  the  U.3. 
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<X**mPTIOH  HKSKAPCH  Tbermocheml atry  and  C  B  2.1  Manchester  Work  in  progress  aimed  at  provision  of 

~  stability  of  molecules  University  more  precise  theimo-chemical  data  on 

Theoretical  studies  EMR.7/Chen^136  e.g.  fluorocarbons. 


effect  of  lead  |  B  C  2.1  j  E.R.D.E.  j  Results  previously  reported  for 


the  Burning  of  cellulose  esters,  twt  to 
inhibit  oxidation  of  carbon,  decreased 
the  burning  rate  by  about  30  per  cent. 
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E.R.D.E.  Intermediates  present  in  B&chmann  and 
Picatinny  reaction  mixtures  have  been 
further  investigated. 
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The  Indian  authorities  have  heen  ad 
on  difficulties  experienced  in  the 
facture  of  R.D.1302. 
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